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4. Scientific progress and accomplishments:

There were two major research thrusts on this grant. The first one concerned the use
of a successive interference cancellation (SIC) scheme for a multicarrier (MC)
DS/CDMA system. The analytic bit error probabilities for SIC, minimum mean-
squared error (MMSE), and matched filter (MF) receivers in correlated Rayleigh
fading channels were derived. SIC and MMSE were shown to achieve better
performance than the MF; when the number of users was small, SIC provided better
performance than did MMSE. The correlation among different subcarriers was also
studied; only large subcarrier correlation coefficients resulted in an obvious worsening
of performance. ,

Second, we quantified the performance of SIC in MC DS/CDMA employing either
convolutional coding or trellis-coded modulation (TCM). It was shown that TCM out-
performied convolutional coding in the presence of severe MAL It was also shown that -
TCM with an 8PSK constellation performs worse than does TCM with a 160AM
constellation. With timing or phase tracking errors, we demonstrated that SIC can still
retain a performance advantage over the MF, whereas the improvement gained by

TCM 160AM seems to degrade more that 8PSK does due to imperfect channel state
information.

The SIC described above was actually a soft SIC, meaning one that does not make any
hard decisions. We studied another realization of SIC, decision feedback SIC, for
coded MC DS/CDMA, where the required fading coefficients were obtained by using
pilot symbol assisted SIC with the soft SIC. It was found that the soft SIC was more
useful to combat MAI during the initial cancellations, but the pilot symbol assisted
SIC outperformed the soft SIC during the latter cancellations. Motivated by the
comparison results, we designed a combined system: soft SIC was employed during
the initial cancellations, and the system changed to pilot symbol assisted SIC
afterwards. The combined SIC scheme was shown to combat the error propagation
problem of pilot symbol assisted SIC, and reduce the imperfect cancellation noise as
well. ’

The second major area of research has been the analysis of CDMA systems with four
types of diversity under the conditions of imperfect channel estimation. First the
standard single carrier CDMA system that makes use of path diversity was analyzed.
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A RAKE receiver solved multiple paths in a frequency-selective environment and
combined the resolvable paths to improve performance. Second, the performance ofa
multicarrier DS-CDMA system was derived. In this system, a direct sequence CDMA
signal was repeated on multiple parallel non-overlapping subcarriers. This system
benefited from frequency diversity. Third, we extended the multicarrier DS-CDMA
system to include convolutional coding to study time diversity. Convolutional coding
yielded time diversity since each data bit was encoded into multiple coded symbols
that were interleaved and transmitted over the channel in different times. Finally, we
explored antenna (or space) diversity. A space-time spreading system with dual
transmit and dual receive diversity was examined. An equivalent multicarrier space-

time spreading system was also proposed and analyzed.

In our analysis, the channel fading information was estimated by using the received
pilot signal. The quality of the channel estimates was determined by the length of the
estimation period. Given this method for estimation, the probabilities of error for the
four systems were derived, taking into account the effects of imperfect estimation. In
traditional analysis with perfect fading information, increasing diversity yields
monotonically improving performance. However, in systems with estimation errors,
increased diversity may not always improve performance. We showed that there is a
tradeoff between diversity gain and estimation errors. When the fixed amount of
signal energy in a system is divided into more diversity branches, the signal energy -
available, and thus the signal-to-noise ratio available for estimation, is reduced. This
leads to an optimal diversity order that achieves the minimum probability of error.
When a system operates at a diversity order higher than the optimal, the probability of
error is degraded and also the spectral efficiency is degraded.



